The fecal coliform populations found in the raw sewages and final sewage effluents of mechanical treatment plants, a long-term retention lagoon, shorterterm retention lagoons, a remote northern Canada river, and a heavily urbanized prairie river were examined for antibiotic resistance and the possession of R factors. It was determined that there was a decrease in the percentage of multiresistant fecal coliform populations in the mechanical sewage treatment plants and shorter-term retention lagoons; however, there was an increase in populations from the long-term retention lagoon. The percentage of the populations possessing transmissible R factors was constant in the mechanical treatment and shorter-term retention facilities; however, the ability to transmit was lost in 50%o of the infective population of the long-term retention facility. A striking contrast was found between the populations of the remote northern Slave River and those of the urbanized Red River. Of the fecal coliforms in the Slave River, 7.1% were multiresistant, and only 0.79% possessed transmissible R factors. The Red River fecal coliform populations were 52.9% multiresistant, and 18.77% of the total population possessed transmissible R factors. The influence of urbanization and the type of sewage treatment have been shown to affect the selection and survival of multiresistant fecal coliforms and R+ fecal coliforms. Determination of other factors influencing the development and the survival of these populations is needed for rational wastewater management and water quality consideration.
R factors were originally discovered in multiresistant Shigella strains in Japan. This discovery in 1959 led to the genetic study of multiple drug resistance (24) . By 1972 the ecology and molecular structure of R factors were well defined (2, 7) . Studies of humans and animals have adequately demonstrated the role of exposure to antibiotics in selecting R+ bacterial populations (19, 20, 25) .
Humans and animals have been identified as reservoirs of R factors, and DNA from plasmids of the same compatability group is indistinguishable on the basis of origin (3) . Water and sewage have also been identified as reservoirs of enteric bacteria, and the spread of R factors by sewagecontaminated waters has been discussed in detail by Grabow et al. (16, 17) . In Canada it was shown that part of the fecal coliform population in the Red River was resistant to as many as 12 antibiotics; 52.9% of the multiresistant fecal coliforms carried transmissible R factors, which represented about 17% of the total fecal coliform population. Antibiotic resistance was determined in 18% of the Salmonella isolates, and 57% of these carried R factors (5) . In the sewages across western Canada, 8 .9% of the total coliform and 10.8% of the fecal coliform populations carried R factors (6) . In the latter study (6) , the sewage sampling was confined to mechanical sewage treatment plants and short-term retention facilities, and the effects of sewage treatment on the enhancement of R+ populations were not readily discernible. In the present study, the objective was to examine the effects of a long-term retention facility on the enhancement of R+ fecal coliforms and to reexamine the data from short-term retention facilities for the purpose of determining the effects of sewage treatment on the enhancement of R+ fecal coliforms. An (5, 6) .
RESULTS
Examination of data from the previously reported study (6) indicated that all sewage treatment facilities are classified as mechanical The fecal coliform populations of the sewage at Fort Smith numbered 300,000/100 ml in the raw sewage and 1,500/100 ml in the final effluent (geometric mean values). Fecal coliforms with transmissible R factors constituted 7.95% of the population in the raw sewage compared with 4.02% in the final effluent. The incidence of R+ fecal coliforms in the raw sewage from Fort Smith was slightly less than that in the sewage from the other communities previously studied (6). The incidence found in the final effluent was less than half that of the prairie provinces ( Table  2 ). The incidence of R factors in the fecal coliform flora from the Slave River was only 0.79%, and this was considerably lower than that of the fecal coliform flora from the Red River, which was age of multiresistant fecal coliforms in the Slave River was 7.1% compared with 33.2% in the Red River. In the Red River, 2.3% of the fecal coliform population was resistant to 7 antibiotics, and 0.6% was resistant to all 12 antibiotics tested (Table 3 ). In the Slave River, the maximum number of antibiotics the fecal coliforms were resistant to was seven, and only 0.2% of the population demonstrated such resistance.
Antibiotic resistance to individual antibiotics was generally lower in all cases for the fecal coliform populations in the final effluents of the mechanical plants compared with the raw sewage populations (Table 4 ). The only increases in resistance were for oxytetracycline, ampicillin, carbenicillin, and colistin sulfate in the final effluent populations of the shorter-term retention lagoons. Increased resistance in the final effluent population of the long-term retention lagoon at Fort Smith was found for all antibiotics tested ( Table 4) . Comparison of the fecal coliform populations of the Slave River with those of the Red River demonstrated that in all instances, except for cephalothin, the Slave River populations were much more sensitive. In the case of cephalothin, 49.1% of the Slave River population was resistant compared with 27.5% from the Red River (Table 4) .
Of the antibiotic-resistant populations in the raw sewage at Fort Smith, 11.5% carried demonstrable R factors compared with 5.1% of the final effluent population ( The origins of the fecal coliforms in the Slave with 34.6% in the sewages of the prairie prov-River are most likely animal. This conclusion is inces and only 4.4% in the more remote area of based upon the consistently low fecal coliform/ Fort Smith (Table 6) .
fecal streptococcus ratios (13, 14) and the physi- (18) , and in short-term maturation ponds with a retention time of 7 days (15) . In the long-term retention lagoon at Fort Smith, there was a 21.5% increase in the percentage of multiresistant fecal coliforms in the final effluent compared with the flora of the raw sewage. This may be associated with the increased amount of UV light available due to longer hours of sunlight in northern communities during the summer. UV plasmids have been discovered (21) , and UV irradiation in sewage disinfection experiments has been found to enhance the survivability of drug-resistant coliform populations (22) .
Comparison of the three forms of treatment clearly demonstrates that the form of sewage treatment directly affects the selection of antibiotic-resistant bacteria. In the long-term reten- (Table 4) compared with populations with four determinants in the short-term lagoons and no determinants in the mechanical plants. There was an overall reduction in the proportion of multiresistant organisms in the short-term lagoons and the mechanical treatment plants compared with an overall increase in the proportion in the longterm retention lagoon. The factors governing the survival rates of antibiotic-resistant populations compared with those of sensitive populations have not been explored. It is probable that UV irradiation and retention time are factors to be considered. The increased proportions of multiresistant organisms with a concurrent loss of infectivity may be due to a loss of the transfer factor and retention of the R determinant. This particular phenomenon has not been reported in the literature.
This study concerned itself with the distribution of R factors in the environment and the distribution and survival of multiply resistant fecal coliforms in various sewage treatment facilities where effluent disinfection is not applied. There is a need to determine the factors governing the survivability of organisms with R factors and those factors enhancing the survivability of multiply resistant organisms. There is an additional need to determine the effects of various disinfectants upon these populations.
